• AIM: To compare visual, surgical and topographic out-
INTRODUCTION
K eratoconus (KC) is a progressive ectatic disorder of the cornea. Keratoplasty is indicated in its advanced stage involving contact lens intolerance and significant scarring. Penetrating keratoplasty (PK) has been the mainstay of surgical treatment for decades [1] . It remains the most commonly performed procedure world wide since it is relatively simple and standardized technique with good results [2] [3] . However, after the introduction of Anwar's big bubble technique, deep anterior lamellar keratoplasty (DALK) has become increasingly popular since it provides better graft survival that is especially important for young KC patients [4] . DALK leaves the healthy endothelium of the recipient cornea intact that eliminates endothelial rejection, prevents postoperative endothelial loss and subsequent graft failure [5] [6] . As an extraocular procedure, it is theoretically safer as well [7] . It offers an increased donor availibility, since endothelial quality is irrelevant. It is even possible to avoid of stromal graft rejection by grafting cryopreserved donor corneas without live cells [8] . However, lamellar surgery is difficult and time-consuming. The major technical difficulty lies in judging the depth of the corneal dissection as close as possible to Descemet's membrane (DM) without perforation, unless this is achieved visual outcome is likely to be compromised [3, 7, 9] . Even in experienced hands, surgery can be completed as planned in approximately 80% of the cases [10] [11] . Up to now DALK has not been technically standardized, in 10%-20 % a conversion to PK is required due to perforation of DM [3, 12] . Prior hydrops with DM discontinuity is a contraindication to DALK [8] .
Although these disadvantages, currently DALK is considered to be the first line of treatment of KC by many surgeons [13] [14] [15] . There are several studies comparing DALK and PK in the literature with similar visual outcomes [2, 7, 13] . However, to our knowledge, there is no study comparing the two techniques in terms of postoperative topographic patterns and surface geometry of the corneal graft. This study was conducted to compare the visual outcomes and topographic features of DALK with PK in the surgical management of KC.
SUBJECTS AND METHODS
In this multi center, prospective, randomized clinical trial, 76 eyes of 71 consecutive patients with moderate to severe KC operated between January 2011 and July 2014 in two tertiary referral hospitals were included. The study followed the tenets of the Declaration of Helsinki and had local Ethical Committee approval. An informed consent was obtained from all participants. Consecutive patients were alternately selected to receive one of the two surgical methods. By using the same randomization method, 12 eyes of 12 patients received DALK, and 12 eyes of 12 patients received PK in Istanbul Kartal Hospital. Twenty six eyes of 22 patients receieved DALK and 26 eyes of 25 patients received PK in Izmir Bozyaka Hospital. Inclusion criteria were moderate (mean keratometric values between 47 and 52 D) to advanced KC (mean keratometric values >52 D or immeasurable on topography) patients who had a poor spectacle corrected visual acuity and rigid gas permeable contact lens intolerance and minimum postoperative follow-up of 12mo. Exclusion criteria included co-existing ocular pathologies, such as cataract, retinal disorders or glaucoma. Drop outs from follow-up were also excluded from the analysis. Since visual acuity and topography could not be measured, patients with Down syndrome were not included. Preoperatively most of the eyes in both groups had anterior stromal scar or Vogt striae. In all DALK operated eyes, scars were pre-descemetic and DM was intact. Few patients with previous corneal hydrops and a discontinuity in DM were selected for PK. Thirty eight eyes underwent DALK with the big-bubble technique and 38 eyes underwent PK. Four patients received bilateral DALK, 1 patient received bilateral PK. Patients underwent an ophthalmic examination preoperatively and 1wk, 1 and 12mo postoperatively. Ocular examinations included evaluation of Snellen best spectacle corrected visual acuity (BSCVA), biomicroscopy of the anterior segment, intraocular pressure (IOP) measurement with Goldmann applanation tonometer or Tonopen, and fundus examination. Corneal topographies were acquired with Keratograph III (Oculus, Wetzlar, Germany) 1mo after suture removal. Visual acuity was recorded using decimal charts and was converted to the logarithm of minimum angle of resolution (logMAR) for analysis.
Minimum postoperative follow-up was 12mo. Drop outs from follow-up were excluded. Main outcome measures were BSCVA at three different time points (week 1, month 1 and year 1) as well as spherical equivalent (SE) refraction, topographic corneal power (K), astigmatism, eccentricity (ECC), Q value and topographic patterns at year 1. Secondary outcome measures were immune rejection, graft clarity, IOP, intraoperative and postoperative complications. Surgical Technique All patients were operated by two corneal surgeons (Yüksel B and Kandemir B). DALK surgeries were performed by using Anwar's big bubble technique. A partial thickness trephination of the recipient cornea was performed with a Hessburg-Barron vacuum trephine 7.0 to 8.0 mm in diameter. Air was injected with a 30 G needle to separate the DM. When the big bubble was achieved, a partial thickness keratectomy was performed with a crescent knife. Stromal cap was cut and predescemetic space filled with 1% Na hyaluronate. Stromal layers were cut into four parts and removed. Donor cornea was cut from the endothelial side. The endothelium was stained with Trypan blue and removed. Donor cornea was sutured in place with a single running 10-0 nylon suture. In PK cases, full thickness recipient cut was followed by suturing of the graft by using the same suture technique. Postoperative Management Topical prednisolone acetate 1% was used to prevent rejection. After initial administration of 2-hourly and then reducing four times daily, the dose was tapered over 3-6mo depending on the condition of the eye and switched to low intensity steroids (fluorometholone or loteprednol). Steroid eye drops were applied to the eyes after DALK for at least six months and after PK for at least twelve months. Sutures were removed at 1y following PK. In DALK cases, postoperative management was similar to PK except that lower intensity steroids were started after 2-3mo and sutures were removed at 8mo. Loose sutures were removed upon diagnosis. Statistical Analysis Statistical analysis was performed using SPSS software for Windows (version 21.0, SPSS, Inc.). Comparison among groups was performed using Chi-square test and independent samples test. P values <0.05 were considered to be significant. RESULTS There were no statistically significant difference between PK and DALK groups in terms of age, gender, graft size, and donor-host trephine disparity (Table 1) . No intraoperative complications occurred in PK group. Whereas, 2 micro and 4 macro perforations of DM occurred in DALK group (15.8%). Three of these eyes (7.9%) converted to PK and included in PK group. Postoperative double anterior chamber occurred in 1 eye (2.6%) with micro perforation. It was succesfully managed with air injection into the anterior chamber.
Postoperative complications were significantly more frequent after PK (Table 2) . IOP elevations occurred at mean 4.7 (1-10)mo and were controlled with brimonidine or its fixed combination with timolol. A fixed dilated pupil occurred in 1 eye due to prolonged use of cyclopentolate after the operation. Endothelial rejection episodes occurred in two eyes at 2 and 4mo. They were treated with intravenous pulsed methyl prednisolone 500 mg for three days followed by oral route. Grafts cleared after the treatment. No rejection episode was observed in 38 DALK-operated eyes. Transient wrinkles of DM occurred in 36.8% of the DALK eyes and disappeared within a mean of 7.1 (3-11)mo. There was no significant difference between PK and DALK groups in the mean preoperative BSCVA (Table 3) . It was 0.05 in decimal score for both groups. Mean postoperative BSCVA, at the first week and the first month, was statistically significantly higher in DALK group than PK group. However, that difference no longer existed at 12mo. It was mean 0.49 decimal score in PK and 0.55 in DALK-operated eyes. At the last visit, the percentage of the eyes with a BSCVA ≥0.5 was 76.3% in DALK and 47.4% in PK group (P=0.009). The percentage of the eyes with a BSCVA of 1.0 was 7.9% and 5.3% respectively (P=0.644). Preoperatively, in patients with readable topographic maps, preoperative mean keratometry was calculated as 62.80±6.30 D in PK group and 57.07±6.91 D in DALK group (P=0.025, independent sample test). In patients with measurable refraction, mean spherical spectacle correction was -5.5 D and myopic cylinder was 3.8 D in PK group. These values were -5.2 D and 3.3 D in DALK group (P=0.762 for spherical spectacle correction, P=0.739 for myopic cylinder, independent sample test). Mean postoperative myopic SE, K, ECC and astigmatism did not show any statistically significant difference between two groups at year one. The only statistically significant difference was found in Q value between DALK and PK-operated eyes (Table 4) . Regular topographic patterns were observed in 31 (81.6%) of DALK and 29 (76.3%) of PK eyes (P=0.574). The most frequent topographic pattern was oblate asymmetric bow tie that was seen in 39.5% of DALK and 23.7% of PKoperated eyes (Figure 1 ). At postoperative 1y the primary study end-point, spectacle correction was achieved in 24/38 (63.2%) of the eyes in PK group and 36/38 (94.7%) in DALK group (P=0.001, Chi-equare test). Mean postoperative spherical correction was -0.98± 
DISCUSSION
In the current study, mean BSCVA at the first postoperative week (P=0.012) and the first postoperative month (P<0.001) was found statistically significantly higher in DALK group. This outcome indicates that an earlier visual rehabilitation occurs after DALK surgery compare to PK. However, mean BSCVA was similar at 12mo as described by previous reports [2, 7, [16] [17] . Akdemir et al [18] reported mean BSCVA at 1y 0.15 logMAR for DALK and 0.21 for PK without a statistical significance. Donoso et al [13] reported 0.17 for both surgeries.
These values were 0.30 and 0.40 respectively in our study (P=0.104). Smadja et al [19] reported a logMAR BCVA of 0.88 for DALK at 12mo, which is considerably lower than our results, with a rate of BSCVA≥0.5 in 100%. In our study, this rate was 76.3% in DALK group which was significantly higher than PK group (47.4%). Söğütlü et al [20] reported these rates 83% and 85% respectively without any statistical difference. Although 20/20 vision reported more frequent in PK cases [2] , that rate was similar in both groups of our study. Mean postoperative BSCVA, SE, K, ECC and astigmatism values were found similar in DALK and PK at one year. Although, a significantly higher postoperative myopia was reported in DALK compare to PK at 12mo (-4.22 D vs -2.73 D) as well as in long term (-6.1 D vs -5.0 D) [14, 17] , mean SE was found approximately -3.0 D in either groups of our study, in accordance with Söğütlü et al's [20] report. Mean K was 44.1 D in DALK and 44.2 D in PK. It was reported 46.9 and 47.8 D by Kim et al [17] . As a result of progressive steepening, it may reach 48.8 D and 47.3 D respectively at 9y [14] . Different outcomes may be related to the differences in patient populations. We found mean topographic astigmatism 4.2 D in PK and 4.6 D in DALK without statistical significance. Zhang et al [8] also reported similar astigmatism results ranging 3 to 4 D, consistent with other studies [7, 14, 17] . In our DALK surgeries, intraoperative DM perforation occurred in 15.8% and conversion to PK in 7.9%. DM perforation rate has been reported between 4.0%-39.2% and large DM tears needing conversion to PK between 2.3%-27.3% in the literature [8, 11, 19] . Our rates are consistent with these reports. These complications usually decrease after the first 10 cases [19] . Formation of type 2 bubble during air injection is associated with high perforation rate [21] . Postoperative complications are reported more frequent after PK (57.1%) compared to DALK (26.5%) and 31.8% vs 4.5% in another study [2, 19] . Overall incidence of complications was 44.7% in PK and 10.5% in DALK group of our study. IOP elevation occurred in 26.3% of PK and 2.6% of DALK eyes. This finding is consistent with previous report of 46.2% vs 1.3% [8] . It is likely to be a consequence of the use of steroid drops for shorter period and lower intensity after DALK. Endothelial rejection episodes were observed in 10.5% of our PK cases. Cohen et al [16] reported this rate as 13.3% for PK and Donoso et al [13] as 8%. Zhang et al [8] reported 7.7% allograft rejection not causing graft failure. Although stromal rejection episodes have been reported in 1.7% to 11.3 % within 4y, no rejection episode was observed in our DALK cases [11, 22] .
No significant difference in graft survival between DALK and PK has been found in a series of 4521 cases [23] . The median predicted survival was reported as 49.0y in DALK and 17.3y
in PK [24] . By contrast, MacIntyre et al [2] reported a higher graft survival in PK: 100% vs 93.5%. No cases of late endothelial failure occurred in our cases as reported earlier [16] . An endothelial loss of 8.6% and 14.0% has been reported at 1 and 2y after DALK, stabilizing around 14.0% in following three years. Whereas in PK, a steady loss occurs, reaching at 34.6% in 5y [8] . Reported annual loss rates of 14.1% in PK and 5.8%
in DALK are much higher than physiologic loss of 0.6% per year [15, 25] . It suggests that the removal of stroma and exposure of DM may lead to endothelial cell loss due to indirect trauma. ECC designates the amount by which the cornea diverges from a perfect sphere. It is 0 for a sphere, 0.1-0.9 for an ellipsoid and 0.3-0.6 for an average cornea [26] . Negative ECC may be seen after keratoplasty [27] . Although ECC was closer to normal in PK (0.17) compare to DALK (-0.21), the difference was not statistically significant (P=0.220). Q value is an indicator of asphericity of the cornea. Prolate means (negative Q) the radius in the periphery is larger than the center, oblate (positive Q) is the opposite. Average Q for a normal cornea is -0.26 to -0.42
and 0 for a sphere [28] . Almost all postkeratoplasty corneas have been reported to be oblate [29] . Likewise, in our study, mean Q value was found 11.81 in PK and 11.46 in DALK indicating highly oblate corneas. However, corneal shape was closer to normal in DALK compare to PK (P=0.002).
The limitations of this study include small sample size and relatively short follow-up. Although, optical and visual outcomes at one year including BSCVA, astigmatism, SE
and K values are similar in both groups. Results of our study suggest that DALK offers an earlier visual rehabilitation and a more natural corneal shape with fewer postoperative complications. Given the advantages including no risk of endothelial rejection, long-term preservation of endothelial cells and structurally stronger globe, DALK should be the first choice for the surgical treatment of KC except three conditions:
regrafting in eyes with PK, prior hydrops with discontinuity in DM and deep scars [3, [6] [7] [8] 14, 18] . However, intraoperative perforation of the DM remains as a significant complication.
